to the strong peak at the grazing angle usually expected in heaVy ion reactions.
The ratio of indirect t6 direct amplitudes increases as ~he Q of the reaction departs from the optimum value.
In this paper we report our calculation of the effect of indirect transitions on two-neutron transfer cross sections between heaVy ions. These processes involve an inelastic transition in the target or final nucleus as an intermediate step compared to the direct particle transfer from initial to final state. This work is a natural outgrowth of our earlier investigations on such effects on light nuclide induced reactions, where our calculations indicated strong ·~ higher order contributions [1]. This prediction was most dramatically confirmed in the case of (p,t) reactions on deformed nuclei [2] . It would be surprising if they did not play an important role in heavy ion reactions and the present
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-2-LBL-1645 note suggests they do, and proposes a very interesting Q-dependence of the ratio of indirect to direct amplitudes, and of the shape of the angular distribution.
We have performed our calculation for the following reaction at 100 MeV.
First we describe briefly the nature of the structure of the nuclei which is relevant to this reaction. [3] . The form factor for the transfer of two nucleons based on these nuclear descriptions is shown in fig. 1 . The projected wave function, or form factor, is more complicated to obtain than in (t,p)
reactions, because of the necessity to retain the finite range of the interactions. It is defined by the following identity for transfer from the pure configuration (j 2 )o in the projectile to the configuration (j 1 j 2 )J in the residual nucleus:
Here V is the Woods-Saxon potential which binds the neutrons in For mixed configurations such as we use the form factor is obtained by weighting such form factors by the product of (2) parentage amplitudes for the light and heavy nuclei involved. We note from
. fig. 1 that the J = 0 form factor is considerably bigger than the J = 2. For The inelastic transitions are computed on the basis of the macroscopic vibrational model. The nuclear deformation parameter s2 for the tin isotopes are taken from an analysis of proton scattering [4] . We use the same optical model parameters as Becchetti et al. [5] For this reason we can have .considerable confidence in our estimate of the strength of the inelastic processes. We determine the strength of the Coulomb quadrupole term in the interaction by using the experimentally determined [6] i'
value of B(E2). The nuclear and charge deformation are shown in table l. The nuclear field is deformed according to ( 3) where (4) corresponding to a spherical projectile of "radius" f1, and a vibrational target of radius RT. Of course it is f1, + ~ which is to be identified with the optical model radius which is typically parameterized as r 0 (~1/
It is the product B 2 RT which is determined for us by the proton scattering experiment while the sum f1, + ~ is determined by the analysis of heavy ion elastic scattering. We have relied upon an extrapolation of the optical potential from Pb to Sn. We checked this by using an alternative potential determined by Morrison [7] for 16~ + 48 ca. These two rather different parameterizations are shown in table 2. They yield elastic, inelastic and transfer cross sections which are virtually the same for tin and this gives us confidence that the results presented below do not contain any uncertainty attributable to optical model parameters or deformation.
Of course in a calculation such as this, the relative phase between inelastic and particle transfer form factors must be preserved when the inelastic scattering is computed from a macroscopic parameterization.
In our calculations we include the inelastic coupling between the ground and collective 2+ state in both tin nuclei, to all orders, and the ··j "·· .
-5-LBL-1645 first order particle transfer from the ground state of the target to both . : + states of the final nucleus and the monopole transition from the 2 state of + the target to the 2 state of the final nucleus. We do not consider those transitions in which either oxygen nucleus is excited. Neither do we include recoil effects. We do not believe that this neglect can effect our estimates of the importance of the indirect compared to the direct transitions, although in a detailed comparison with experiment it may well be important to include such effects [8] . The method by which we include the indirect transitions is the so-called source term method [9] .
The result of a coupled channel calculation for 100 MeV oxygen ions which includes the effects of inelastic·excitation of the tin nuclei is shown in fig. 2 . The ground state is barely altered so we show no comparison, but the 2+ state is strongly effected by the additional modes of excitation. In particular, the direct transition, shown by a dashed line, interferes destructively with the indirect modes of excitation and produces an angular distribution in which the expected peak at the grazing angle is absent. Instead a poor angular resolution experiment would observe a monotonically decreasing distribution, fairly flat at first, and then falling rapidly after the grazing angle, or peak in the ground state cross section. This is in marked contrast with the DWBA prediction. Of course there is a continu()us evolution from the On the basis of these calculations we suggest that, under appropriate circumstances, higher order processes will be very strong in heavy ion particle -7-LBL-1645 transfer reactions. The simple angular distribution which consists of a strong peak at a grazing angle is characteristic of single-step transition. The contribution of indirect transitions changes this, leading to a fairly flat distribution _\.J to the grazing angle, and then falling off. We found that the ratio of indirect to direct transitions increases as the Q value departs from the optimum value, suggesting that such effects will be seen in experiments on a series of isotopes for which the Q value changes over a few MeV.
\... ..
We remark, parenthetically, on the high frequency oscillations at small angles seen in our cross sections. We believe that they would be present in the cross section of any process which is governed by a modest number of partial waves, say ~i, centered at a large value of i so that ~i/i is small. Table 2 . · Two sets of optical model parameters which yield vi"rtuallj" the same 
